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— Lyophylized venom of Naja naja atra was fractionated on column of CM-8ephadex

(G-50) into L3 fractions by gradient elution with ammonium a:otats buffer at pH

5-7. /.mong them five fractions (V-IX) were found o be neurotoxia and three
SR U
(X, XII, XIII) wore cardiotoxic. Intraperitoneal LDsg in mice was'J. 074ug/g

for ¥r. VIII- the major neurotoxic component (NT) aud 1. m‘gg/z for Fr. XII-

the major cardiotoxi~ one (CT). (CT caused contracture, as well u‘ reduction of
resting membrane potentiali, of the frog's sartoriur, chick's biventer cervicis,

V. rat'n diapbragm. In the zbsence of caloium, the contrasture was markedly
reduced, although the depclarizing effect remsined unchanged. Neither contracture
aar depalarisation was caused by NT. The terminal newve apikes of the frog
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~ sartorius w-re abolished by CT but unaffected by NT. CT 999@@@3#;011:: arrest

of isolatad frog hearts and rat'—si;;;té(_[red;c;gthe membrene potentials, whereas
NT was almost without effect up toiv" é/ml. cT cansed}a BJIOW contraction of

t.2 guinea pig fleum, which was partially antagonired by either atropine or procaine
but not by hexamethoniurn, or mﬂMsMca. In the presense of c'rcm“’ - iO'“
g/ ml); the responses to nicotine snd 5 -hydroxytryptamine were greatly inhibited,
usually preceded by an initial and transient facilitation. 'Tha respanses to histamine
and acetylcholine were not, or only alightly, reduced by CT. ~The vessels of the
rabbit ear were constricted by CT. In cats, CT caused a fall in systolio pressure
morovtha.n. diastolic pressure, accompainer by various ECQ ohangeb such &s P-R
interval prolongation, “invertod T waves, £-T sogment Wlom ventricular
premature boats, A-V laterference, complete A-V block, ldwutdcum rhythm |
ote. It is concluded that bardiotoxin isolated from cobra venom acts on various

(NS RIS
excitablo cells, predominantly, ‘f not entirely, by reduning the Mpotenﬂda. -



Although the primary csuse of death from cobra venom: has been shown
to be peripheral respiratory paralysis in many epecies of ent:cale (Kellaway,
Cherry & Williams, 1932; Lce & Peng, 1961; Vicks, Ciuchta & Pollay ; 1965),
the venoun also produces profound cardiovascular chinges. Waen envenomed
animals aro maintained by artificial respiration‘ they finally die of circulitory
' callapse. Several actﬁe companants cuch as neurotoxin, cardiotoxin, phos-
- phalipase A, and some proteins navuiyg other enzymetic sctivities ave been
separsted from cobra venom (for rcferences seo Slotta, 1955 and Meldrum,
1965). dowever, it has not been asfabllshed as ‘o which component(s) or to
what extent thesc components ars responsible for the cardiovascular effecta
caused by -rude cobra venowm . V/hile cobra neurctoxin has been isolated ia
crystelline form (Yarg, 1965) and the modo of 4s nouromusculas Roeking
action has been studied at lencth (Su, Chang & Lec, 195¢; Chang & Lee, 1§66),
“cardiotaxiyu™ isolated by Sarier (1947) haa been shown not to be a einglo
protein (Raudonat & Holler, 1958) and the mode of ita aciicn aas not been fully
elucidated.

In the investigation to be described below, we have attempted to purify

cardiotoxin &3 pure 23 poeiidle, and its effects on varicus kinds of muscles

have been ctudied in detail in order to shed r.ome light 01 it3 made of action.




MATERIALS AND METHODS
Yenom The venom of MNcoja naja atra used in this study was freshly collec-
ted and lyopaiiizca in thig laboratery and stored in dry ctate in a vacuum
desiccator. Iis intraperitoncal LDgg in mice (N, L . strain) was 0. 44.(0. 40~
0. 48) u2/g bo'ly weigk:,

Zone electropivresis on gtarch Tho metaod of Kunkel and Slater (1952)

mociiied by Fegus-Bech and Li (1004) wes followed. The experimental condi-
tions were essentially the same as previously deecribed for Eungarus venom

(Chang & Leec, 1963).

Coluran Chromatography CM-Sepaadex® columns wrre prepared and packed

in the manner described by Peterson ot al (1962). CM-Sephadex wes equili-
brated with 0. COS™M ammonium acetate bulfzr, pH 5. 0, and then packed into
a column of 1. G x 80 cm at 4°C.

The gradient was establiched by adding 0. 9M ammoniam acetate buffer,
pH 7.0, into a flask cont-ining 450 ral of 0. 005 ammoaniur acetate buffer, pH
5.0. The flow rate was 7.5 ml/hr for the firat 24 hours and then 5 ml/hr after-
wards. The vaid volume was 3 ml for ecach tube, The elution pattern was .
followed by rezding tho abcorption ot 286 mp w.th Beckman D.(l{.» Spectrophoto-
meter. The cluates corresponciag to the same perk wers pooled and lyophi-
lszed for subsequent study,

Toxoity in Mic:3*  Celecicd doses of each fraction wers infcoted intraperi-

tonerlly into wmice weirhing 15-29 g The concentration was go adjusted that
¢ CM-C-80 of iormocia procact, medlum 4, capacity 7 weq/g
*¢ NI giram mice were Liady donated by U. 5, Naval Medical Research

Unit No. 2, Tolinel,



the required dose wes ceniiinad in 0.1-0. 2 ml saline ner 10 g body weight
of mice. LDog was comipuiad cezording fo Lo method of Titcaificld and
vriy

Jileouon (10104

Divontes cervicic nerva~mrtele nraseration o dio eniok Icolased biventer

hew
———

+

cerTvicic nerve-ruscele oretaraiion (Ghigkbov s ond Wareiner, 1930 was sug-
3 .- it e Y oA e 3% o
pendad in 20 nd ol lvebn! scleilon, which was moadiztulnod ab 3V, V0 and

. Tuo preneraiion was cXxelaled indirecily

bubLlcd with €373 Cp aui £% COx

2 3
vl supramzaximal rectanrelar pulses ¢f €05 wmoce duraln nl e rate of 6
per munute. In somo c:porimer’s fio preparniion was suspended in Locke's

solution, contat=irg NaCl, 9.0 g; KCI, 0.42 g; CaCly 0. 24 &5 WaliCOy, 0.5 g
and glucose 1. 0 g por liter.

Phirenio nerve-dirphragn prevaration of the rnt Tro teehuizues introduced

by D'l%ring (1248) wad used,  The preparatioug were sudpeaded in 20 ml of

e At IR 1. e - X . "
Tyrode’s mlniion wileh was liopt ol 8Va%, 671 wr toegharinl o i % Do

2]
ad €55 €O Tho preporniion wo sthuadeled similosiy oo dancrided for the
oo voeopyvinia rocansnlicy
fronles o VIZIO PICoLlOL Gl
o eunainnn guiatic

faviceiaanerve measio negsavatiny ol tie fo g,

nerve-zartorius muscle Hreparation waa placed ef vooaty Lenmniotie o (20-25°C)
1220 ml oflacru:':fl foon IVawerte motodion. Indiredt somcloson was applied
ciinilarly as deseribed for tia biventer corvicls muncic prevarsidon. Direct
stimulation was applied to the mugecle alter acurcmuceslar tlavl, voslny pulses
of 6 msoo duration. Tho frog Dinzer's coluiion contained, ia grrams per liter,

NaCl, 6.5; KCl, 0.18; CaCl,, 0.20; No-iCOq, 0.5; Glucoze, 1.0,




Geoctus abdorminis muscie preparation Inolated rectus abdominis muacle

preparations were bathed in 20 ml of aerated trog Ringer's colution with or:

without calcium.

Iro’2ted froc's heart The isclated {rog's heart was prepared according to

.. o
Bira l's Moo

luolcied rat ntrial preparation The rut atrial preperation was prepared by

the method described by Burn (1352) and sucpended in a well oxygenated
éonstant teinperature bath (2:)°C) contd ning the Lo.ke's solution, in which
the amount of glvcose waa doutied (2 g/1). The contractions of tne atria were

recorded on a smokec drug.

Membrene Potcntiale For ccterminstion of mambrane potentials, the con-

ventional microelectrode recording technique (Fatt & Katz, 1951) was followed,
using Grass 2€ DC ?reampliﬁer and Tektronix 5024 oucilloscope. The .mir.-ro-
electrode was filled with 3M KCl1 und had 3 - 10 M S} resistance. No capacity
compoensation for the microlecirede was incorporated For the rat phrenic
nerve-diaparagm prej arztion, Tyrode's solution, veygeaated with 95% Oy +

5% COg, was used. The tempereturc was kopt at 42 - 35 % 0, 5°C. For the

" froyg norve-eartorius muscle, the preparation was suspended in‘th’o Ringar
volution, contatning NaCl 117 :uld, XC1 2.0 mM, CaCnly 1.8 mM and NaliCOq
6 mXi, 2t the room temporeture (20 - 24°C).

Torminal necve spueo Extracollular rec rding of tae terminal nerve syike

with o microolecirode having rosictance of abeut 5 MU wae porformed on
the frog cartorius muscle, according to the tochnique described by }Hubbard
& Schmidt (1963) and Katz & Miledi (19556). The 1muecle was immobilized

- 4§ =



by addiny 11 mM MgClg to the Ringer colution. Uuder this condition, the
terminal nerve spike notentin! could be recovced ‘ogeter witn ar EPP,

Twitch resncase of the guines-pig ileury The method of Paton (1957) was

used. Guinea-piz ileum was suspcndea in a bath containing ‘10 ml Krebs!
solution at 30°C and stimulated co-axially with supramaximal rectangular
puises of 0.5 millisecond duratiou once every 10 coconds.

Elestrocardiorram and blood pressure of the cat. Cats anesthetized with

60 mg/ke of ciloralose were used. The electrocardiogram in lcad II and the
blood pressure of the riznt femoral artery werc reccrded with the polygraph,
Grass Model 5. The Statham P23AC pressure transducer wae used to record

the blood pressare . The cardiotoxin was injected into the right femoral vein.

RECULTS

Zone eleztrodhoratic enavation As illuctrated in i'ig. 1, the venom
- - et e ’

migriica towneds the cathone and ceparaied into four frections. . They comprised
approxziunsicly 14,2, 50.4, 10,2 and 29, 5% of the extracted protsin, respecﬂ-
vely. Thc :otad protein recovery ronged Seom 38 to 10%. The cardiotoxic
activity waz lacated ot cactinn IV on tac basig of its effect on the frog's heart
and the rai's atrium, while the neurotoxin located at Fraction II as described
previounly (Lee, 1363; Su, Cliang, & Lee, 19C6). The phospholipase A activity
was {ouzd prolondnenily in Fraction 1 which had neither cardiotoxic nor nauro-
toxic nctivity, On tae otner hand, both the neurotoxic and cardjotoxic fractions
exhibited oniy a very tlight phospholipase A activity.

e 5 em




Tha cardiotoxic component, isclated by tho fractional precipitation methoa
&5 coceribed Ly Sarker (1047), woa furtaer cukiceted to zone clectrophoresis
on sieren and cee fraciions were obtudned, corvesponding to Fractiona I, I
" and TV of the viole cubra veaom (Fig. 2). Appareridy Sarkar'c cardiotoxin

was uot a oiungle protein 5 pointed by Raudonat & Holler (1958).

Coiusy diromotorrapiic neparation A typical chromatographic pattera is

filusivezed in Fig. 3. The vrude venom was scparsated into i3 fractions.
Fraciions VII, VIOI, X, X0 and XUT nre the w1 oanes and they comprised
appro:dumately 8.0, 15.2, 12. 3, 7.1 aud 36.1% of the lyophilized eluates
recpectively. The tolzl protein recovery was approximaccly 70% of original
venom. |

e first two fractions apnear to ba composed predomiuantly of nucleis

acid Cfaos 4o o highor ahsorption af 269 nys than ai 230 ny and chowed
1 Falin-stoaol »ozeting, £lace column chrerzatorranay on CM-Oephadex
gives Loior sovasation than Ltared Zone alectrephorenis, czperiments with
the fracilomn isolutod by Gic Dormer pinceduroe are deaceibed

Toricity in mice The LI50 aad relatve toidceily 1a mico of cach chreo-
metngraphic fr:‘;cu..m ace showm iﬁ Table L. Arnorz Cio toxic fractions,
Fraciion VIII, theo neurotoxde feaztion, ic the most toxic and is 6 times more
toxic than tho whole veaora; waereas Fraction XIII, the major cardlotoxdd

ovmpoucnt, io only one third as toxic aa the whole venom. . The total recovery

of toxicisy 18 ubout 80%.

T ——————————————————



Tho toxic symptoms produced in wmice by cardiotoxin included an initial
stiffaesg of the limbs fqllowzd by spastic parslysis and then respiration was
depresced. Mozt mice given lethal doses died within 4 hour3s although some
of them diod 18 late as 24 hours after envenomatidn. Before death, severe
dyspnea wee observed. The suraival mice remained inactive for ons or two
deys aftcr the injection.

Effects oo neuromuscular transmicsion  Many of the chromatographic

fractions were found to paralyse the ekaletal musclo.l Fractions V, VI, VL,
VI and DX comprise one group, which bldck the neurouusouler trersmission
without any direct effect on musculature as previously showa for cobra nearge -
toxin (8u, Chang & Lee, 1986; Chang and Lee, 1966). Fig.4 shows the effaul
of Fraction VIII, which 18 the most toxic and {dentified to be the cobra neuro-
toxin, on biventer cervicis nerve-muscle preparstion. The responge to
acctylchouline as well as to indirect nerve ctimulstion was blocked simulata~
neoulsy without any contracture of the musclo on addition of the venom. For
each fraction, its effoct on neuromuscular transmisaion s parallcel tn the
toxoity tected in1aice (Table L).

In contrast, Fractions X, X1 and XJII, comprize another grodp and at
coocatration of 10 ug/ml, induced a very marked contractur e of biventer
oervicis musclo (Fig.& ) and paralyais of the preparstion {>lowed only after
the contracture (Fig. 6 ). The extent of contracture as wcll as the time
pequired for nsurcmuscalar hlock with theoe fractions s also parallel to
the toxiocity in mice (Tasle 1).
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These {racticas as typified .y Fraction XIII are called "cardiotoxin® gince
they alsc have effect on heartizhown in the folllowing section. When these:
cardiotoxic iractions were added to a preparation immecrsed in calcium free
Ringer's solution no contracturc couid be observed (Fig. 5) altiough the
depolarizing qffeot of the cardiotoxin on the resting membrane (see belew)
persigied in this medium. On addition cf calcium to the cardistoxin-pretreated
muscle, then contractare wes induced,

“rhese effects of vardiotoxin were further comfirmed in uther preparations,
such as rat phrenic nerve-diaphmgm, frog sciatic nerve-sartorius and frqg
rectus abdominis muscle preparations though the toxin was slightly less acitive
in these cases. The eicitabﬁity of the preparation to lndirect stimulation wag
usually depressed before the response to direot stimulation; the latter, however,
was soon blocked on prolonged e:posure to tho toxin, iadicating thut both the
musculature and nervous tissucs were offectod by cardiotoxin,

Effect on isolated frog heart High concentration of cardictoxin, such

a8 100 uz/ml, produced veatriculer arrest at systolic state withia 20 minates.
TLe heart rato incroased et first and ﬂxon’ decreased afterwards. (Fig. 7) With
lower concentration, guch as 31,6 ard 10 pg/ml, no cardiao arrest occurred
but the i'ato of heart becat was accelerated slmilarly as with higher concon-
trations; with ctill lower concentration such ag 1 ug/ml, only augmentstion

of systolo was obsorved,

Effect on the ra*'s atria; proparation When 1 to 5 ug/ml of the cardio~

oxin wao ags.iled so So airiad preparctics, a treuctent slight positive inotropie

-8 -



effect followed by negative inotropic effect with gre-ual decrease of atrial
rate was obsorved; thereafter, the atrium ceased t, Leat within 20 minutes
(Fig. 8 ), When the time needed to arrest the atrial cuntractio~ at various con~
ceniration of cardiotoxin was compared with that of whole venom, cardiotoxin
appeares to be slightly more "cardiotoxic" than the whols venom.

Effect on resting membhranc potcntial The muscle fibres of either the rat

diaphragm or frog sartorius was inserted at rondom with microelectrodes at
both endplate and non-ondplate zone and the resting membt ane potentiala
recorded. As shown in Teble 2, cardiotoxin st well as the whole venom but

nol neurotoxin markedly dcporized both the diaphragm und sarotrius musclea.
The effoct of cardiotoxin appearcd to be pot enticted by phospholipase A pre-
trectment. Elimination of calcium from the medium dia not protect the muscla
from depolarization.

If appeares taat the non-specific countracture-inducing effect of cardiotoxin

inay be explained on the basis of membrane depolarization. In a preliminary

experiinent rat atrium was like-wise depolarized by thie toxin.

Effect on nerve terininsl spikes To see whether the nervous element is also
efficeted by cardiotoxin, nerve terminal spikes was recérdea with endplate
potcntials with an extracellular microelectrode in frog sartorius norve-muscle
preparztions according to tae method described by Kate & Miledi (1965). Fig. 9
shows that on addition of 10 ug/m! of cardiotoxin the end-plate pot ential was

»apidly aboliched 28 the membrane pciential cecreaced. Subsequently, the

-3 -




nerve terminal spike also disppeared on prolonged e...osure to the cardiotoxin,

a direct ovidence that cardiotoxin disturbes the conduction of impulses in the

nerve axon.

Effcct on guinea-pig ileum,  Cardiotoxin at concentration as low as 1 ug/ml,

produced a marked contraction of the guinea-pig ileum following a latent
period of about 15 to 80 sec. (Fig.10). Tho contracture was {ransient and
the nméc}e tone usually falléd to the norinal level after about 5 min. even in
the prosence of the toxin. As in the skeletal muscle elimination of caleium
from the Tyrode solution markedly rcduced othe contracture. There was a
remarkable tondency of tachypaylaxis in the cardiotexin-induced oontraction
oo that tho response of the ileum to cardiotoxin reduced considerably after
sevoral times uf appiication of cardiotoxin (Fig. 10). The development 61
tachyphylaxzis could roi be prevented by repeated washing for prolonged time
up to &0 edn

Antaconicin to the stimulant astion of cardiotoxin, Pyribenza.aine (0. 2 ug/ml),

wilich comipletely blocked histamine response, did not affect the stimulant

aciion of cardiotoxin on the gut. Hexamethonium (10 ug/m!) or mecamylamine

(5 11z/ml) also failed to antagonize the response of the gut to ;;ardlotéxin.
However, as shown in Fig. 11, the response produced by cardiotoxin was

greatly roduced by atropine (0. 05 pg/mil). The combination of morphine (1 ug/ml)
and pheno:xybenzamine (0. 05 1z/mi), which blocked the responses to 5-hiydro-
xyiryptamine and histamine and reduced those to acetylcholine, also parti«

ally inaibited the stimulant cffect of cardiotoxin,

“



- Effect on the response to pharmacoiogical agorists, In addition to the sti~
mulant effect of cardiotoxin on the guinea-pig ileum, it was found that the
reap:nsea to ~arious smooth muscle stimulani{s wers alao affected by cardio-
toxin. The motor response to nicotine (0. 6 to 1.4 ug/ml) was first entanced
but then depressed § to 10 min. after addition of 10 yg/ml of cumm (Fig. 13).
The response to 5-hydroxytryptamine (0. 4 to 9. 7 ug/ml) on the other hand,
- was considerably reduced on addition of cardiotoxin ( 1 to 10 ug/ml) without
any initial potentiation. The responses to histamine or acetylcholine were
also decreased by cardiotoxin (10 pg/ml) but to & less extent in comparison
with 5-hydroxytryptamine.

When exposed to high ooncentrations of cardiotoxin (40 pg/ml), all of the
responses to nicoting,8-HT, histamine and acetylcholine were almost comple-
tely irhibited end no recovery occurrwed upon washing,

Effect on twitch reapanse of the ;.;uinc?}gig ileum stirmmulated cnaxially. At
n

submaximal stiraulus strengia, the twitch response of the ilcum to ooaxial
stimulation waso poi;cr.fiated iy cardioloxzin at concentrations from 1 to 10 pg/ml.
The potentiation of twitch by cardiotoxin attained its maximum in 2 to 3 min. ,
lasted about 10 min. and then followed by progreseivo depression. (Fig. 18).
The time-cours:/: the effect of carciotoxin on the twitch response induced by
oo-axial atimuiation, themfore, corresponds to that of the effect on the res-
poose to nicotine. On the other hand, when stimulated supramaximally no
potentiation was observed. iigh concentrations of cardiotoxin (50 to 150
jg/ml; oompietol_v abolished the rsaponse and direot electrical stimulation

e 1] -




with 100 to 150 V, 5 msco, duration, also failed to cause any response on the

paralyced preparation (Mg, 14),

Aation on electrocardiogram anc blood pressure of cats.  The intravenous

~ injection of the cardiotoxin in a doge of 0.1 mg per kg body weight caused no
significant changes on ECG exoopt docrease of heart rate. When the fiose

was raioed to 0. 8 my per kg body woight, the following changes in Eé{t}‘were
observed (Fig. 15): P-R intcrval was prolonged, T wave became inverted and
ET segment depressced, while Q-T interval and QRS complex were unaffected
Frequent ventricular prematurs contraction and trigeminal rhythm also occu«
rred within 2 to 5 minutes afier the inicction. These cffects reached maxi-
mum 10 min aStor the administration of cardiotoxin. Blood pressure decreased
markedly. The abnormal findirge disappeared and the blood pressure reco-
vered akout 50 rainutcs a‘ter the injection. After i;ajection of 1 mg per kg,
the ciianges of ECG were more marked and irreversible, Complate A-V block
with aberrant QRS-T complex and idiovontricbulnr rhythm were observed. QT
interval increased slizhtly. | Systolib prossure decreased much more thain

diastolic pressure and finally fell to nil within 2 co 20 minutes. (Tig. 15').



DISCUSEION

Although "neurotoxin' is the major toric ccmponent of cobra venom by
viture of its per.theral respiratory paralytic actioxi;j\ many animals, cats as
well as other animals, which were envenomed with cobra venom and main-
tained by artificial respiration, would fingily die of cardiovascular failure.
This indicates that some other components acting on the cardiovascular
- system also contribute to the toxicity of cobra venom. One component was
isolated by Sarker (1947) and ngued ''cardiotoxin' though it still contained mny
othor components uhen tested by electrophoresis, and its pharmscological
actions remaineé obscure.

The action of the cardiotoxin on isolated frog's heart resembles that of
digitalis in some way. There was some increase in coatraction height on
cddition of cardiotoxin and, at higher doses, systolic arrest occurred. It has
been, therefore, suggested that cardiotoxin has digitalls -like actior. However,
in the rat atriu.n the inotropic sffect was of very short duraticn and was sonn
followed by complete suppresion of the contraction. Electrocardiographic
findings £1av that carciotoxin causes depression of ST eermeit, inversion of
T wave, prolongation of P-R interval and A-V block as digitalis does. These
findings, howeve;'; do not necessarily mean that éardiotoxln acts like digitalis
since tho most‘ basic offect of digitalls, enhancement of contractility, is not
reflected in the electrocardiograph, Moreover, cardiotoxin increased the
Q-T interval in stead of shortening, a characteristic of digitalis action. In

fact, there is one basic difference between cardiotoxin and digitalis; i. e.,




depolarization of the membrane by the fomer,

Experiments on ncuromuscular preparations have revealed that skeletal
muscles are a3 senaitivie as heart muscle to cardiotoxin. All of the tested
preparations responded to cardiotoxin with a marked contracture and with a
marked reduction in the membrane potentials at both end-plate and non-end-
plate zone. Since the contracture of muscles needs calcium it is likely that
the depolarization of the cell membrane is the primary action of cardiotoxin. -
It may be infered further that the cardiotoxic effect also may be a result of
depolarization of the heart muscle. Thereiore, cardiotoxin appears‘ “to be
a rather general poison to cell membranes. Failure in the conduction within
nerve axon or in the ganglionic transmission induced by cardiotoxin are
evidences for this suggestion. |

Experiments using guinea-pig ileum show that the action of cardiotoidﬁ
extendas to smooth muscles. In addition to its direct atimulant effect on the
fleam, the respousec of the muscle to coaxial stimulation, and to application
of acetylcholine, histaming 5-hydroxytryptamine, and barsium were suppresssd.
Thess evidonces again indicate that cardiotoxin acts on a common site to al)
of these agents, cell membrane. Transient initial potentiation of tho muscle
respouse to nlooun and to lubwm electricai stimulation suggests that
the nervous eloments of the ileum are also invnlved as those of skeletal m
muscles and ganglia,

It may be conciuded from the evidences of present experiments that
cardiotoxin kao general effect on coll mombrans wita depolarization und

oonzequently impalm the fuactions zasociatod with cell membrane,

___-——_\_
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Table 1. Toxioity in mice protein recovery and time required to iuduce N-M -
blockade in biventor cervicis muscle of the CM-Sephadox fractionated

yenom, : .
Fr. Lbsg - Potency N-I1 block Protein
no. pe/e ratio 1310 recovery
mia %
I 7.6
n 0.84
Y 100 0. 0044 No N-M block

m ' 0.72

v Y 3.6

v 0.18 2.4 8 1.7

Vi 0. 44 10 8 ' 2.6

v 0.68 G. 67 13 8.0

vin 0.074 8.0 6 15.2

X 5.6 0. 08 19 1.7

X | s.o0 0.15 208 12.9-

x1 100 0. 0044 ' No N-M block 1.7

p 1 4.3 0.10 238 7.1
xm 1.48 0.30 10*$ 2.1

cv 0. 44 1.0 g §
mmmz—m

9 ; Contracture occurred in the biventer cervicis musclo,

§: with cardiotexic actien




Table 2. Effects on resting membrane potentiala of crude cobra venom and
isolated components.
Membrane potentials (mV48. D. ) wers recordsd from both gndplate
and non- endplate zone of muscle fibres at the indicated periods
after addition of 10 pg/ml of each agent. n = number of observations.
Rat diaphragm
Coutrol |0-6 min. |65-10 min. §10-15 min. }15-20 min,
Crude venom 83.0#3,7 | 49.348.3 ;34.0417.2 |29.046.2 23.048.8
{n=30) (=9) {r=11) (n=9) (n=8)
Nearotosin 78.124.4 | 81,444, 4 [77.0+3.9 78.424. 2 76. 044. 8
(0=28) | (n=il) (x=5) (n=10) (o~T7)
Cardiotoxin 8l.444,1 § 73,748.5 |54.429.7 45, 3114, 2 28. 9412. 8
{=30) (o=11) (n=10) (0=9) (0=12)
Phocpholipasec A 70.248. 3 | 67.4+2.8) |69, 845.9 - 69. 745. 4
(n=20) (o=2) (r-12) (0=23)
Phosphalipase A 68.048.1 | 34.529.9 27.6£12,3 }18.9410.4 13.748. %
+ Cardictoxia (t=29) (=12) (n=18) (n=22) (n=4)
Frog sartorius
Crude venom 92.9+5.4 | 78.9%14.2 [54.2+76.3 }222+12.2 22.8411.3
(1=23) (n=10) (n=12) (=13) (n=17)
MNeurotoxin 92,0+£2.86 ] 88.325.5 |87.024.9 85, 645. 3 86. 926. 6
{o=33) (n-11) (n=10) (r=10) {(n=11)
Cardiotoxia 88.641.2] 70,9a15.1 |36.0%3. 2 23.8+7.0 17.0%3. 7
(n=22) (r=13) (p=18) (o=13) (o=9)




»q Prctein per mil

Segment No

m. 1, One hundred mg of cob:a venom was charged at segment No. 2,
‘Andicated by an arrow in the figure, of porato starch packed mto.
a semicylindrical glasa trough, 40 x 4 e, Acetats buffor of pH
8.0, lontc strenath 0. 05 plus sodium chloride, fonic utrength 0. 0_5.>
was usad, An averzsc potential difference of 180 V was applied

between the two ends of the trough for 24 hrs at 4°C,
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Fig. 3. Zone electrophorosis of the substance igolated from ths venom
of Formogan cobra by Sarkar's mecthod. 20 mg of this substance

was chargod at eegrent No. 4 under the sanio conditions /s Fig. 1.
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Fig. 3. Fractionation with CM-Sephadex. Von>m charged was 350 mg and
eluted with gradiont ammoniumacotate buffer incroment, from

0.005 M, pH, 5.0t0 0.9 M, pl. 7.0.




CHICK BIVENTER CcRVICIS

Fig. 4. Eilects of neurctoxic fractions on the biveater c(zvicis nerve~
musclo preparations of the chick. Indirect stimulation once every
10 sec. wao applicd. At arrows stimulation was stopped and ACh,

2x 10"5. waa added and then washed after 30 sec.
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CHICK BIVENTER CERVICIS

Fig. 5. Effocts of cardiotoxin on the chick's biventer cervicis muscle
a: normal Ringer's solution. Ix Ca-free Ringer's solution,

switohod to normal Ringer's solution at arrow indicated.
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CHICK BIVENTER CERVICIS

i Fig. 6. Effcots of cardiotoxic fractions on the biventer cervicis muscles,

under the saiue conditions as in Fig, 4.



Fig. 1. Effects of various concentrations of cardiotoxin on isolsted frog

hearts. Figures indicated show hoart rates.




RAT ATRIA

Fig. 8. Effectsof

cardiotoxdn on the 130iatsd rat atria.
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CARDIOTOXIN

Fig. 9. Effectc of 2obra aeuroicrin and cardioloxin oz tarminsl nerve
spiltes and ZPD:.
Frog nervo sariorius preparations immobilized ty 11 mM MgClz.

L G Covieol termim ] nerve spike and EPP, |
|

B: 15 nidn, alter ndditton of 10 pg/ml cf cobre neurotoxin.
D and T: 10 and 50 min. alter addition of 10 pz/ml of cardiotoxin

recnectively.




Fig. 10. Effoct of cardiotoxin on isolated guinea-pig fleum. Interval
botween doses of cardiotoxin (1 pg/ml) was i6 min. Arrows

indicete washings,




- ATRsi b8

{

Fig. 11. Inhibition of contractiona dus to cardiotoxin by atropaine on the
guines-pig !solated {leum. Two adjacont scgomtns of mid-ileura
VVVVVV were uscd in the experimont and their rospoascs to acotylcholine,
histamine and cardiotoxin were recorded. IHeal segraent (b) was
treated with atropine and was left in con‘act- with the drug for
the duration indicated by the bracket above the trace. In ileal
segment (a) atropin was not added, Arrowe indicate washings;
A. aceiylcholine 20 ng/ml; H, histamine 32 ng/ml; CT, cardio-

1 toxin 20 ug/ml; ATR, atropiue 50 ng/ml.
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Fig. 12. Eﬁmdcudmanmmmmd&oﬁmtomm.
Addition of cardictosin (10 ug/ml) !s indicated by the bracket
{a tha.graph, N; niootine 1. 4 ug/ml;
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Coaxiaql stimulation 75min

Fig. 13. Guinca-pig ileum, rrepsration stimulated co-axially at submaximal
strength, with frequency 0. 1/sec, duration 0.6 mseo. At the

arrow cardiotoxin 1 x 10°0 g/ml wac added. br 90 min. after
addition of cardiotoxin,




Fig. 14.

Guinea-pig tleum preparation stimulated co-axially at supramaximal
strength. At the arrow cardiotoxin 6 x 105 g/m! was added.

a and b woro responses to single shocks of 100 V and 150 V
respectivoly (duration § msec). w: weashing.




S A L ‘,JJC , ] ?
bl A, J
O S NS S ~Jw"‘ 'JJJJ\I ~
300 maniny
J\+'\:\:'\\.\, b A e
o .
i t | min 2 10 min
OSmpg LV.
Cordintanin
H
LI R B B
PRV IR AR A
2 min

g 15. Action of the cardiotoxin on clectrocardiozraz:a and blood precsure
of the cat, Cat, 2 Kg chloralose 60 m3/kg. Urrer-middle-lower tracings
trac ings show ECG (lead II), time interval (por second) and blood
pressure (mm-Hg) respoctlvely.‘ A. Control; B. 1 min. after injec~
tion of 0. 5 ma/kz cardiotoxin; C. 2 miu after the injection; D 10 min.
alte— the injection; E. 60 min, after the injection; F. immediately
after injection of 1 mg/kg cardiotoxin into the sziae cat. G. 1 min

after the injection; H. 2 min. after the injection.




